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(57)Abstract: 

PURPOSE: To easily adjust optical axes, to simplify ; 

constitutional parts and to reduce the cost of the title I :—-, rrrss::'; : 

terminal by thinly forming a multi-mode optical fiber like a ; 
taper and joining a single mode optical fiber with a part 
having the same diameter as the core diameter of the single 
mode optical fiber. 

CONSTITUTION: The multi-mode optical fiber 4 having a 
prescribed core diameter H1 is heated and extended by a ' 
burner 5 to form a taper part 6 and the core diameter H2 of 

the taper part 6 is allowed to coincide with the core ^ 
diameter H3 of the single mode optical fiber 7. The fiber 4 is 

cut off at the approximately center position of the taper . 

part 6, the end face of the cut part is abutted upon the end - ...^ 

face of the single mode optical fiber 7 to allow respective ; ! _ - .i- i : 

optical axes to coincide with each other and then the 
abutted end faces are joined by fusion splice based upon 
discharge between electrodes 5a. The multi-mode optical 
fiber 4 is bonded and fixed in a ferrule by a bonding agent 9. 
Consequently, the optical axes can be easily adjusted 

without using expensive equipment for assembling and the cost of the device can be reduced. 
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Description 

1 . Description 

OPTICAL FIBER TERMINAL FOR OPTICAL SEMICONDUCTOR ELEMENT 
MODULE 

2. Claim for the Patent 

An optical fiber terminal for an optical semiconductor 
element module comprising a multi-mode optical fiber which is 
formed into a thinly tapered shape, and a single-mode optical 
fiber which is joined to a portion of the multi-mode optical 
fiber at which a core diameter of the multi-mode optical fiber 
becomes equal to that of the single-mode optical fiber. 

3 . Detailed Description of the Invention 
[Industrial Application Field] 

The present invention relates to an optical fiber terminal 
for an optical semiconductor element module, which has 
simplified the adjustment of optical axes in an optical coupled 
system in particular, in an optical semiconductor element module 
for optical communication. 
[Conventional Art] 

The application region of the single-mode optical fiber has 
started from a trunk line and is being expanded to a branch line 
and a subscriber line. As the application region is expanded, an 
optical semiconductor element module is increasingly demanded 
which has a low optical output only for short distance 
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communication and is inexpensive. In this optical semiconductor 
element module, if an optical semiconductor element, a light 
condensing element (lens system) and an optical fiber could be 
easily assembled, the inexpensive optical semiconductor element 
module having a reduced cost can be achieved. 

However, in the optical semiconductor element module using a 
single-mode optical fiber, the tolerance of the deviation of 
optical axes in a coupled system is severe compared to the case 
where a multi-mode optical fiber is used, and the accuracy of 
dimension and assembly precision of the components are strongly 
required. For this reason, it has been difficult to lower the 
price of the module for the single mode fiber. 

Figure 5 shows an example of a structure of the optical 
coupled system of the conventional optical semiconductor element 
module, in which the light that has been emitted from an optical 
semiconductor element 1 is directly coupled to a single-mode 
optical fiber 3 by a sphere lens 2. 
[Problems to be Solved by the Invention] 

However, in the above described structure of the 
conventional optical semiconductor element module, there have 
been such defects that the tolerances of the deviation of the 
optical axes of the optical semiconductor element 1, the sphere 
lens 2 and the single-mode optical fiber 3 are severe, an 
expensive facility is needed for the assembly, and besides, it 
takes a long period of time to adjust the optical axes, which 
results in increasing the cost. 

The present invention is designed with respect to the above 
described defects, and the object is to provide an optical fiber 
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terminal for an optical semiconductor element module, which 
simplifies the adjustment of the optical axes, simplifies the 
components and enables the price to be lowered. 
[Means for Solving the Problems] 

In order to achieve the above described object, the optical 
fiber terminal for the optical semiconductor element module 
according to the present invention is structured so that a 
multi-mode optical fiber is formed into a thinly tapered shape, 
and a single-mode optical fiber is joined to a portion of the 
multi-mode optical fiber at which a core diameter of the multi- 
mode optical fiber becomes equal to that of the single-mode 
optical fiber. 
[Operation] 

Thus, the optical fiber terminal according to the present 
invention functions as the single-mode optical fiber when being 
connected with the outside, and has tolerance equivalent to that 
of the multi-mode optical fiber in the adjustment in the optical 
coupled system. Moreover, the optical fiber terminal does not 
need an expensive facility for assembly, and besides, 
facilitates the optical axes to be adjusted. 
[ Embodiment s ] 

Next, the present invention will be described with reference 
to the drawings. 

Figure 1 is a longitudinal sectional view illustrating one 
embodiment of an optical fiber terminal for an optical 
semiconductor element module according to the present invention. 
A multi-mode optical fiber 4 having a predetermined core 
diameter Hi is heated by a burner 5 and is extended as is shown 
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in Figure 2 (A) , and a tapered portion 6 is formed so that a core 
diameter H2 of this tapered portion 6 coincides with a core 
diameter H3 of a single-mode optical fiber 7 (see Figure 2 (B) ) . 
This multi-mode optical fiber 4 is cut in an approximately 
central position of the tapered portion 6, end faces of the 
tapered portion 6 and the single-mode optical fiber 7 are butted 
against each other, the optical axes are made to coincide with 
each other, and the end faces are joined by the fusion-bonding 
splice due to electric discharge between electrodes 5a. Thereby, 
the light which propagates in the multi-mode optical fiber 4 is 
gradually mode-converted in the tapered portion 6 which has been 
thinned, and is coupled to the single-mode optical fiber 7 with 
low loss. 

The multi-mode optical fiber 4 is inserted into the hole of 
a ferrule 8 as is shown in Figure 1, then the ferrule is filled 
with an adhesive 9, and thereby the multi-mode optical fiber 4 
is adhesively fixed in the ferrule 8. Furthermore, an outer 
coating 10 and a tension member 11 of the single-mode optical 
fiber 7 are adhesively fixed to the ferrule 8 through a sleeve 
12, and thereby the optical fiber terminal is completed. 

Figure 3 is a view illustrating a relationship between an 
increased amount AL of a coupling loss of LD (semiconductor 
laser) and the optical fiber and an amount of change AZ of a 
distance between a sphere lens and an end face of the optical 
fiber terminal. ALi and AL2 are AL curves drawn when the LD and 
the optical fiber have been coupled by using a single-mode 
optical fiber and a multi-mode optical fiber, respectively. A 
permissible range (Z in a Z direction while the coupling loss 
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increases by (LO from the minimum valve is larger when the 
multi-mode optical fiber has been used ((Z2 > (Zi) . 

Concerning the deviation of the optical axes in directions 
(directions of x and y axes) perpendicular to the optical axis 
as well, the sensitivity shown when the multi-mode optical fiber 
has been used is similarly more alleviated. Accordingly, when 
the multi-mode optical fiber has been used for the coupled 
system of the LD module, the adjustment of the optical axes is 
simplified, the components are simplified, and the price can be 
lowered . 

Figure 4 is a longitudinal sectional view illustrating one 
embodiment of an optical semiconductor element module using the 
present invention. A ferrule 8 having the fiber terminal is 
inserted into a hole 14a of a holder 14 in which a sphere lens 
13 has been fixed, and is mechanically fixed by a screw thread 
member 15 without being adjusted. Then, a stem 18 of an LD 
package 17 having an optical semiconductor element 16 is butted 
against the end face of the holder 14, the optical axes are 
adjusted only in directions of x and y axes, and the stem 18 is 
fixed to the holder 14 by YAG laser spot welding. 

An optical semiconductor element module has been actually 
manufactured as an experiment. As a result, a coupling of 18 dB 
was obtained while the coupling loss in the standard is 20 dB, 
and such characteristics were obtained that the sensitivity for 
the deviation of the optical axes in such a range that the 
coupling loss increases by 1 dB was (10 (m which was 5 times 
large compared to (2 (m which was obtained when the module was 
structured only from a conventional single-mode optical fiber, 
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was thus alleviated. Accordingly, it became possible to achieve 
the inexpensive optical semiconductor element module in which 
the adjustment of the optical axes was simplified. 
[Advantages of the Invention] 

As described above, the optical fiber terminal for the 
optical semiconductor element module according to the present 
invention has a multi-mode optical fiber which is formed into 
such a thinly tapered shape that the core diameter of the multi- 
mode optical fiber becomes equal to the core diameter of the 
single-mode optical fiber, and is also joined to the single-mode 
optical fiber. Thereby, the optical fiber terminal functions as 
the single-mode optical fiber when being connected with the 
outside, but has tolerance equivalent to that of the multi-mode 
optical fiber in the adjustment in the optical coupled system. 
Thereby, the present invention enables the optical semiconductor 
element module to be provided which does not need an expensive 
facility for assembly and facilitates the optical axes to be 
adjusted, and has an effect of reducing the cost. 

4 . Brief Description of the Drawings 

Figure 1 is a longitudinal sectional view illustrating one 
embodiment of an optical fiber terminal for an optical 
semiconductor element module according to the present invention; 
Figures 2 (A) and 2 (B) are views for describing a method for 
producing the optical fiber terminal of the present invention; 
Figure 3 is a view illustrating a relationship between an 
increased amount of a coupling loss and an amount of change of a 
distance between a lens and an end face of the optical fiber 
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terminal; Figure 4 is a longitudinal sectional view illustrating 
one embodiment of an optical semiconductor element module using 
the present invention; and Figure 5 is a block diagram of the 
conventional optical coupled system. 
4 .... Multi-mode optical fiber 

6 .... Tapered portion 

7 .... Single-mode optical fiber 



Figure 3 

#1 INCREASED AMOUNT OF COUPLING LOSS 
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